Imidazole-containing compounds exhibit a myriad of pharmacological activities. Two tetrachloridozincate salts of 4-carboxy-1H-imidazol-3-ium, ImHCO 2 H + , are reported. Bis(4-carboxy-1H-imidazol-3-ium) tetrachloridozincate monohydrate, (C 4 
Imidazole-containing compounds exhibit a myriad of pharmacological activities. Two tetrachloridozincate salts of 4-carboxy-1H-imidazol-3-ium, ImHCO 2 H + , are reported. Bis(4-carboxy-1H-imidazol-3-ium) tetrachloridozincate monohydrate, (C 4 H 5 N 2 O 2 ) 2 [ZnCl 4 ]ÁH 2 O, (I), crystallizes as a monohydrate salt, while bis(4-carboxy-1H-imidazol-3-ium) tetrachloridozincate bis(1H-imidazol-3-ium-4-carboxylato) monohydrate, (C 4 H 5 N 2 O 2 ) 2 [ZnCl 4 ]Á2C 4 H 4 N 2 O 2 ÁH 2 O, (II), is a co-crystal salt with six residues: two ImHCO 2 H + cations, two formula units of the zwitterionic 1H-imidazol-3-ium-4-carboxylate, ImHCO 2 , one tetrachloridozincate anion and one water molecule disordered over two sites in a 0.60 (4):0.40 (4) ratio. The geometric parameters of the ImHCO 2 H + and the ImHCO 2 moieties are the same within the standard uncertainties of the measurements. Both compounds exhibit extensive hydrogen bonding, including involvement of the tetrachloridozincate anion, resulting in interconnected chains of anions joined by water molecules.
Chemical context
Imidazole-containing compounds find use in numerous pharmaceuticals including fungicides, antiviral agents, antiarrhythmics, antihistamines, and anthelmintics (Varala et al., 2007; Horton et al., 2003; Ló pez-Rodríguez et al., 1999) . Recent studies have shown that imidazole and benzimidazole derivatives exhibit pharmacological activity in histamine signaling (Tichenor et al., 2015; Marson, 2011) , and act as tau aggregation inhibitors for Alzheimer's disease (Bulic et al., 2013) , and in the central nervous system (Robichaud et al., 2011; Sheffler et al., 2011) . Further, derivatized imidazole-5-carboxylic acids have been shown to be angiotensinconverting enzyme (ACE) inhibitors (Jallapally et al., 2015; Li et al., 1998; Yanagisawa et al., 1996) .
As a result of the myriad binding modes available to imidazole ligands that bear carboxylic acid substituents, they have found use in the preparation of several metal organic frameworks, MOFs (Starosta & Leciejewicz, 2006; Yin et al., 2009 Yin et al., , 2012 Sun & Yang, 2007; Sun et al., 2006) . The synthesis and characterization of novel MOFs is an area of active research because of their potential use in such diverse areas as gas storage, catalysis, chemical sensors and molecular separation (Dey et al., 2014; Kreno et al., 2012; Farha & Hupp, 2010) . Neutral carboxyimidazoles exist in their zwitterionic form and none of the reported compounds have the carboxyimidazole ligand in the fully protonated form. However, there are examples of MOFs with anionic repeating units and imidazolium cations (Shao & Yu, 2014; Wang et al., 2013) .
Although the structures of the zwitterionic 1H-imidazol-3-ium-4-carboxylate, (III), (Cao et al., 2012) and the corresponding 2-isopropyl (Du et al., 2011) and 2-methyl (Guo, 2009 ) derivatives have been reported, to our knowledge, fully protonated imidazolecarboxylic acid species have not been structurally characterized. Compounds (I) and (II) possess the carboxyimidazole in its fully protonated form and so contribute to the knowledge base of this class of compounds. Fig. 1 shows the atom-labeling scheme employed for (I). The asymmetric unit consists of two 4-carboxy-1H-imidazol-3-ium cations (ImHCO 2 H + ), one tetrachloridozincate anion, and one water molecule. Thus, compound (I) is classified as a salt solvate (Grothe et al., 2016) with four residues.
Structural commentary
Compound (II) is an example of a rare co-crystal salt solvate with six residues (Grothe et al., 2016) . The asymmetric unit consists of two ImHCO 2 H + cations, one tetrachloridozincate anion, two 1H-imidazol-3-ium-4-carboxylate zwitterions (ImHCO 2 ), and one water molecule. The atom-labeling scheme employed is shown in Fig. 2 .
The geometric parameters determined for the tetrachloridozincate anions in (I) and (II) are found in Tables 1 and  2 , respectively. The average Zn-Cl bond length is 2.273 (3) and 2.272 (15) Å , respectively, for (I) and (II), which are within the range 2.2409 (3)-2.3085 (7) Å found in other Figure 1 The molecular structure of (I), showing the atom-labeling scheme. Nonhydrogen anisotropic displacement parameters are drawn at the 50% probability level.
Figure 2
The molecular structure of (II), showing the atom-labeling scheme. Nonhydrogen anisotropic displacement parameters are drawn at the 50% probability level. 
examples of tetrachloridozincate salts (Govindan et al., 2014a,b; Leesakul et al., 2012; Goh et al., 2012; Kefi et al., 2011) . The same example structures exhibit Cl-Zn-Cl angles in the range 102.256 (10) to 112.72 (3) . The average angles found in (I) and (II) are 109 (2) and 109 (3) , respectively, and the individual values exhibit comparable ranges (Tables 1 and 2 ).
There are no noteworthy differences in the C-C and C-N bond lengths between the ImHCO 2 H + cations and ImHCO 2 zwitterions found in (I) and (II). The N-C 0 bond length, where C 0 is the carbon atom bonded to both nitrogen atoms in a given ring (formally, the 2 position in the ring), is consistently shorter than the N-C 00 bond length, where C 00 represents the carbon in the formal 4 or 5 position in the ring, for all of the ImHCO 2 H + and ImHCO 2 residues. This observation is consistent with other reported imidazoles and imidazolium salts (e.g., Mohamed et al., 2014; Trifa et al., 2013; Ché rif et al., 2013; Yu, 2012; Zhu, 2012) .
The carboxy and carboxylate groups are tilted slightly from the imidazole plane in all cases. The N-C-C-O torsion angles are reported in Tables 1 and 2 . In both (I) and (II), the carboxy and carboxylate groups are unsymmetrical. For the carboxy groups, the C-OH bond is longer than the C O bond. These observations are consistent with the geometric parameters found in similar imidazolecarboxylic acids (Cao et al., 2012; Du et al., 2011; Guo, 2009 ). The observed O-C-O bond angles of the fully protonated form in (I) and (II) and the zwitterionic form in (II) are the same within the standard uncertainties of the refinement.
Supramolecular features
An extensive hydrogen-bonding network in (I) involving the tetrachloridozincate anion and the water of hydration results in chains parallel to [220] , as seen in Fig. 3 
Figure 4 Packing diagram of (I), showing the hydrogen-bonding scheme. Only H atoms involved in the interactions are shown.
Table 4
Hydrogen-bond geometry (Å , ) for (II). (2) 1.78 (2) 2.628 (4) 164 (4) the chains (Fig. 4) . N-HÁ Á ÁO(water), N-HÁ Á ÁCl, and O-HÁ Á ÁO hydrogen bonds incorporate the ImHCO 2 H + cations into the three-dimensional extended structure. Using graphset analysis to describe the hydrogen bonding (Etter et al., 1990) , an R 4 4 (20) ring is observed with four oxygen acceptors, two oxygen donors and two nitrogen donors. One oxygen donor, two oxygen acceptor rings, R 2 1 (4), involving a carboxy group are also present.
Figs. 5 and 6 show two views of the crystal packing observed in (II). Hydrogen-bonding parameters are found in Table 4 . As seen in Fig. 5 , there are several hydrogen-bonding ring motifs that are common to (I) and (II). An R 4 4 (20) ring is observed with four oxygen acceptors, two oxygen donors and two nitrogen donors, and there is a one oxygen donor, two oxygen acceptor ring, R 2 1 (4), involving a carboxy group. R 2 2 (7) rings involving two nitrogen donors and two oxygen acceptors are also observed. There are two rings containing chlorine acceptor atoms: an R 4 4 (15) system with one oxygen donor, three nitrogen donors, one oxygen acceptor and three chlorine acceptors; and an R 2 1 (4) ring with a single oxygen donor and two chlorine acceptors. Similarly to (I), chains of hydrogenbonded tetrachloridozincate anions and water molecules of hydration are found parallel to [220] .
In (I), a weak -interaction between ImHCO 2 H + cations related by a crystallographically imposed center of symmetry is observed with a centroid-to-centroid distance of 3.5781 (15) Å and an interplanar distance of 3.4406 (9) Å , corresponding to 0.983 Å slippage (Spek, 2009) . Two independent weak -interactions between ImHCO 2 H + cations and ImHCO 2 zwitterions are observed in (II). The principal one involves the rings containing N1 and N7 with a centroidto-centroid distance of 3.5871 (3) Å , an interplanar distance of 3.3591 (18) Å and a dihedral angle of 2.6 (2) between rings (Spek, 2009). The weaker -interaction involves the rings containing N3 and N5 and has a centroid-to-centroid distance of 3.740 (3) Å , an interplanar distance of 3.3140 (17) Å and a dihedral angle of 1.2 (2) Å between planes. Fig. 7 shows representations of the observed stacking in which members of interacting pairs of molecules are projected into the same plane. A -interaction is also observed in the solid-state structure of the ImHCO 2 zwitterion, labeled (III) (Cao et al., 2012) . In (III), the centroid-centroid distance is longer [3.674 (4) Å ] than that observed between the fully protonated form in (I) and the principal interaction between the zwitterion and the protonated form in (II). In all of the pairs except in (I), the members of the pairs are arranged in a head-to-head configuration.
Database survey
The structure of 1-H-imidazol-3-ium-4-carboxylate has been reported (Cao et al., 2012) and the structures of the 2-methyl and 2-isopropyl derivatives of the zwitterion 5-carboxy-1H-3-ium-4-carboxylate monohydrate have been reported (Guo, 2009; Du et al., 2011) . Several polymeric compounds with bridging 1H-imidazole-4-carboxylato ligands have been reported, including one with Ca II (Starosta & Leciejewicz, 2006) and two with Cd II (Yin et al., 2009 (Yin et al., , 2012 . The structures of monomeric compounds with 1H-imidazole-4-carboxylato-2 N,O ligands and Mg II (Gryz et al., 2007) , Mn II (Xiong et al., 2013) , Co II (Chen, 2012; Artetxe et al., 2013) , Ni II , Cu II (Reinoso et al., 2015) , and Zn II (Gryz et al., 2007; He, 2006; Shuai et al., 2011) Projections of -stacked molecules. The molecules are related by the symmetry transformations (I) Àx + 1, Ày + 1, Àz + 1; (IIa) x, y, z; (IIb) x + 1, y À 1,z; (III) x, y, z + 1. A second view of the hydrogen bonding in (II). Only H atoms involved in the hydrogen bonds are shown. Only the major contributor to the disorder model of the water molecule is shown.
have also been characterized (Boskovic et al., 2000) . The structures of numerous imidazolium salts are known (e.g., Mohamed et al.,, 2014; Trifa et al., 2013; Ché rif et al., 2013; Yu, 2012; Zhu, 2012; Ishida & Kashino, 2001; Gili et al., 2000; Pavan Kumar & Kumara Swamy, 2005; Hashizume et al., 2001; Moreno-Fuquen et al., 2009a ,b, 2011 Zhang et al., 2011; Sun et al., 2002; Fukunaga & Ishida, 2003) . There are many examples of reported structures of tetrachloridozincate salts (e.g., Govindan et al., 2014a,b; Leesakul et al., 2012; Goh et al., 2012; Kefi et al., 2011) .
Synthesis and crystallization
Compounds (I) and (II) were obtained during the attempted syntheses of Zn II coordination polymers. (I) was obtained by dissolving 113 mg (0.829 mmol) ZnCl 2 and 194 mg (1.73 mmol) 1H-imidazole-4-carboxylic acid in ethanol. Six drops of 6 M HCl were added and the mixture was heated to reflux with stirring. The warm solution was filtered and the filtrate was allowed to cool. After a few days, crystalline clumps of the product were obtained. 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 5 . For (I), data completeness was 97.9% and for (II) it was 95.2%. For both (I) and (II), all hydrogen atoms were located in difference Fourier maps. The hydrogen atoms bonded to carbon were refined using a riding model with a C-H distance of 0.95 Å and hydrogen-atom isotropic displacement parameters were set using the approximation U iso (H) = 1.2U eq (C). The O-H and N-H distances were restrained to 0.84 and 0.88 Å , respectively. The isotropic displacement parameters of the hydrogen atoms bonded to nitrogen were set using the approximation U iso (H) = 1.2U eq (N). In (I), isotropic displacement parameters of the hydrogen atoms bonded to oxygen were refined freely, but for (II) they were set using the approximation U iso (H) = 1.5U eq (O). For (II), the water molecule is disordered over two positions. In addition to the aforementioned distance restraint, 
Computing details
For both compounds, data collection: APEX2 (Bruker, 2013 ); cell refinement: APEX2 (Bruker, 2013) ; data reduction:
SAINT (Bruker, 2013 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015) ; molecular graphics: PLATON (Spek, 2009) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 0.0264 (9) 0.0406 (9) 0.0332 (9) −0.0024 (7) −0.0075 (7) −0.0089 (7 
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Zn1-Cl2 2.2690 (7) N2-C4 
Hydrogen-bond geometry (Å, º) (9) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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